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Gravity survey in the western Snake River

Plain, Idaho--A progress report

Abstra.ct‘

From June 24 through August 16, 1960, & region&l gravity survey
vas made in 3,600 square miles of the Snake River_]flain in southwestern
Iaho. Six hundred and seventy~two gravity stations weré established
between latitudes 42°30'N and 43°30'N and between longitudes 134°15'W
and-116915'W at an average demsity of one statiém per 5;15» square miles. .
The data were reduced to simple-Bouguer gravity by standard x;lethods and
plotted as & gravity contour map. o

Three major snomalies were defined by the s@w; two 30-mile
leng, eu echelon gravity highs with smplitudes of 15 and 50 milligals,
and one elongated gravity low with an amplitude of -10 milligals. A
two-dimensional gfa%icule analysis suggests tha’c. tt&e highs are
caused by véftical slsbhs of dense rock (probably basalt), the largest
about 4 miles wide, about 30 miles long, and extending from sbout :"'
1,000 feet (0.3 kilometer) below sea level to about 66,000 feet (20 -
kilometers)belaw sea level. A possible geological ’interpretation
is that the: verticgl slabs are large, en echelon, basalt-filled
fissures or zones of fissures in the earth's crust. The gravity low
18 i»;";;1:1:1-11511135:1 to an alluvium-f£illed trough sbout 5,000 feet (1.5
= kiimétera) d.eep. DRERS P



Introduetion v :

This pgograu report .describes a :c;!.onal gravity mtvoy o! pah
of the untorn Snake River I’lun. Idahé - The survey vas utablhhqd
to daftm thn gravity f1e1d over the Snak‘ River Plain as an aid. 1.u i .
determining thq structurs and cenpcatuon of the undorlytn; crust. .

The 1960 ﬂ.cld vork 1s a mtinuauon of the survey started in 41959
in coop.ntm with the Geophyaics D.pnrtﬁaflt. Colorado School : o! nm.
(umm ud am. 1960; Baldwin, 1960). am inmediate obucu.m; ta
t.ho £ipld ‘uu 1) to defins further gravicb anmuu luuuto‘ by th‘ |
1939 mvoy, und 2) to search out and doﬁ;:) any new. gnvi.ty mlun. -
The mu party 6 D. P. BAll and .r. 3. Jacrhm vorkid una.: the &
lnp.:vinion of L. c. Pnki.p:. mtum Prhl Rogers dt thc camaaa

Schaol of u:l.nn g.obhynicn Diputuuﬁ ué‘d i.n an aMm cam!.uy. .
Ce e f G“tfl?hy. it O

The lurvayod arsa covers paru of num, cmn, nnon. Lincolu, ‘
Ouyhn, and Twin hnn cmttu 1n mch\'utm Idsho, Guvuy lntionu
vere nuhluhnd between lu:u:wlu 42’30‘! and 43"30'! ud 1on;1:udnl
114°15'W and 116°15'W (f4g. 1). U. 8. Bighvay 30 is the u:l.n.
transcontinental rud l:hrough the n;ton; it closely £olla|u tha Snlh‘
River in s mthunza:ly diuction through thn cnatu o£ th uurvoy.d L
area, The h:gqr towns xu thp u-u aro Mn nu-, Ghnu r-rty. Jareu,

Buhl, ccodi.n:. rurzuu, m mn. o



The- southern half of the survey is in the Snake River Phir;, a
broad, relatively flat lava plain forming a belt across scnthern
Idaho. In the area of the survey, the plain is 40 to 60niles'w:i,de, |
trends west-northwest, and averages about 3,000 feet abové sea -ievel.
It is bounded an the south by the Owyhee Mountains (not 1ncMedin
the survey) and on the north by the Mount Bemett Hills. u!aeSmke
River flows the length of thékpla.in, cutting a deep narrow eamron
through accumxlated lavabedaand ca.rvingbadlands throughthe sofberm
Tertiary and Qpa;ternary lake bed.s On either sid.e of the Gmheﬁiva‘.;
the plain is characterized by broad Java fla.ts :!.nters;gersed. with but‘bes
and badlands. The latter features rarely show mare. than 300 reet of
relief. Maximm relief in the plain is about 1,000 feet. Skl

The northern half of the survey 1nclmies thenountmttmus
and Camas Prairie. The Mount Bemnett Hills create an esst-trending B
barrier between Camas Prairie snd the Snake River Plain.. '.lhe;highes”t |
peak in the hills, Mount Bemnett, rises 7,465 feet sbove sea level,
Camss Prairie, the northermmost feature covered by the survey, is-about
17 miles long and 8 to 10 miles wide. The prairie is bounded on the
north by the Soldier Mountadns, which rise to elevations Gf sbout 10,000
feet above sea level. | B

Most of the area is semi-ari.d, receiving essentia.lly all ita
moisture during the winter. The principal vegetative cover is sagebrush '
anﬂ.cheatgrasa. Pinztmeaamiaspengzovexmfomdmthehi@wr |

mountain slopes.. -




‘Geology

The--eldest exposed rocks in the region of the smmeyarethe
Cretaceeus igmeous rocks ufthzldaﬂmha:thnli'th. 'iheserocks crop
out in the Soldfer Mountains north of Camss Prairie and in a few
isolated inliers om the northern slopes of the Mount Bemmett-Hills.
The highlands to the north snd south of the Snake River are composed -
essentially of upper Miocene snd lover Pliocene silicic volemnic
rocks. A veneer of middle Pliocene age Banbury basalts covers the

silicic volcanic rocks in some of the lower elevations. '.nw eentral, S :

part of the Spake River Plain - a collapse structure, or graben 13
£1lled with Pliocene and Plelstocens sedimentary rocks amd & f.ew -
interbedded basalt flows of the Idahn group to a depth of a.t leaat
3,000 feet (H. E. Malde and H. A. Powers, 1960, written cammiea.tion)
Subsidence of the graben has takm place along fault zones striking
northwestmthawestemSnakeRiveernandnortheastmthe
eastern Sneke River Plain. Recent basalt flows of the Sna.ke River
group have covered parts of 'hhe pla.in as far west as Bliss.

Previcus work

Bonini and Lavin (1957) conducted a regional gravity survey over
southern Idaho and southwestern llonta.na Their wo:rk outlined an
elongated gravitymalongthesnakaner rla:xn



The imitial work in the presemt study (Baldwin and Hill, 1960;
Baldwin,- 1960) defined two en echelm-gravit;} highs trending northwest
in the BoisesMourrtain Home arem of the western Snake River Plain. A
third gravity high, apparently related to the other two, was suggested
by & line of stations extending south of the main survey along Idaho

State Highway 51.
Field methods and computaticns

Field work in 1960 extended froam Jume 24 through Auéxst 16.
During this period, 672 gravity stations—- including seven-base stations
--were estsblished over am area of about 3,600 sq:@.re miles. :u:e
aversge station density for the survey is one gravity station per 5.4
square miles.

The entire 1960 survey was done using Worden gravity meter E-13h.
The meter has a constant of 0.&536 milligals pei‘ dial divisi&: and a
range of sbout 800 dial divisions. As work progressed, it became evident
that the drift wes to a great extent a function of the ambient temperature.
On cool, overcast da&s the drift for & 4-hour period would range from
0.0 to 0.4 disl divisions. On warmer days the drift for & similar
period would be as much as 0.9 to 1.0 dial divisions. The most severe
drift usually corresponded to large changes in the ambient tempera.ture
The instrument rea.di.nga invarisbly drifted up throughout the survey.



Horizomwtel amd vertical comtrol for the survey was taken from
U. S. Geological Survey 7 1/2- and 15-minute quatrsmgle series of
topographic maps; Army Mep Service 1:250,000 sheetss. and U. S.
Coast and Geodetic Survey, U. S. Geological Survey, and Idsho State
Highwsy bench-mark descriptiomns. About 93 percent of the gravity
stations were established from spot elevations published on the
7 1/2- and 15-minute mapé. Eight stations were established from
spot elevations given on the 1:250,000 sheets. The remminier-of the
stations were located by the variocus bench-mark d.escriptions Spot
elevations published on the Gealogical Survey's 7 1/2~- and 15-minute
maps, &8 well as &ll bench marks are accurate to within 2 feet.
Spot elevatlons an the 1:250,000 sheets are probably accurate to
within 10 feet. In u few instances where spot-elevation coverage
was sparse, unchecked photogrammetrically defemmed elevations
(brown on the maps) and points of uncertsin 1ocat1m; were used.

These stations may be off in elevation a&s much as 10 feet.



The--1960 gravity net is tied to five base stations established .
in 1659 by Baldwix and Hill. New base stations were set by making
readings' from three separ=zte base stations. A new base was emsi&ered
establisired if the three remdings differed by less than 02;111«5;@1.
A series of new stations was set by the si:gle-looymthaﬂ:tin:which
thesmebaseiareadatthebeginningamdem&aloop. A loop |
contained an aversge aof 1l new gravity stations, twe- reyexbed readings,
and the initial and final base resiings. One of the repested readings
wvas taken on & station in a previocus loop as a tie, the otherwas
repeated within the loopasacheckoninstmentdrift 'n:e—maximm
allowable difference between any two repeated resdings wasset gt
0.4 milligal. Most loops were run in four to five hours. In Gamas -
Prairie, however, time, terrain, and distance consideratioms made 1t
more practical to take eight hours for a single loop. Two ties &nd
tworepeataweremdemeachonftheselmgerloopa !!:ea.utms
alternated reading the meter and recording data. '.memeterwas read
by the same person for & complete loop3 the other person recem'deé. dates
and drove the vehicle. These duties were usually switghad.“at the
beginning of & new loop. Data recorded in the field were 1) ingtrument
reading, 2) time of reading, 3) station elevation, and %) a written

description of the station location along with the location spotted

on & map.



The data were reduced to' observed gravity at the end of each
field d=y. This procedure permitted a contimaous check to be-made
on the accuracy of the survey. Camputations were hased on the
assunption that instrument drift was limear between the mtmm
?inal base readings of & loop. Reduckion of dsts to stmple-Bouguer
gravity was made at the end of each week. Latitule corrections for -
the stations were read from curveabasedonthetableof;meaaf.'
theoretical gravity from The International Gravity Formals gi-.m by |
Nettletan (1940, p. 139-143). The lstitude (and lxi:er the langitu&e)
of each station was memsured to the nearest two seconds fm';l/z-

15-minute maps and to the nearest five seconds from the 1:250,000 maps. '

The cambinmed free air and slab (Bouguer) correctiom was referred to

sea level and computed for an assumed density of 2.67 g per cus-—givin@

a correction factor of 0.06 milligal per foot. All computations were.
carried to 0.01 milligal to reduce the rounding error. ﬂ:he resultring
Bouguer gravity was plotted on & rough field map as a guid.e for
directing further field work. No terrain corrections have been added
because the sign:l.fica:nf anmliés are large with respect to the -
expected terrain effects.



A histogram showing the frequency distribution of differences
in repewt resdings made during the survey was compiled (£ig. 2).
Out of 123 repeated readings 58 percvent differ by 0.1 diml division
(0.07 milligal) or less, 75 percent differ by 0.2 dial divisions -
(0.12 milligal) or less. All repeated differ by less than 0.26
milligals. The average difference of the repeated readings is
0.1 dixl divisions or 0.08 milligal. Included with this repart are
the dsta for each gravity station estsblished in 1960. (See two
sheets in pocket.) |

Results

Description of anomalies

The results of the survey are represented by a Bouguer-grevity
contour map plotted at a two-milligal contour interval and on &
scale of 1:250,000 (fig. 1). Two gravity highs, one gravity lowy-and
several minor anomalies are defined by the map.

10 -



Major snonalies

The-mest comspicuous feature o the contour-mep is-an elomgated
gravity high ayout 30 miles lomg and 10 miles wide trending west-northwest
across the center of the map. The axis of the high extends from-e
point spproximately five miles northeast of Wendell to & point about
twomiles eastofGlennaFerry meanplitudaoftlwancmlyis \
approximately 50 milligals and ithasamimmBouguersraxityvxlm

of -85 milligals. Gradients- on the sides of thnanmaly are as much
a8 six to eight milligals per mile. The steepest graiients are found
on the mortheast side. This snomaly is slightly offset from the
eastermost high defined by the 1959 survey. The maxims. of the two
highs are separated in the vicinity of Glenns Ferry by a low of sbout .
10 milligals. |

A second elongated gravity high is lotsted dbout 35 ndles amxthwest
of the high just described. The axis of this high .can be followed .
from = pcint 10 miles south of where the Bruneau River enters the
Snake, southeast toapoint about 12 miles east of where the east and
west forks of the Brumesu River join. The high is also abaut 30 miles
-long a.nd. 10 miles wide, but has smplitude of only 20 milligals. The
steepest gra.dients associated with this anomaly are about 6 milligals
per mile a.nd are found on its southwestern side. This gravity high
1s parallel to, end on the southwestern side of the eastermmost high
fourd in 1959. |



The two gravity kighs defimed by the map form an en-echelon
pattern; the axis of the lurger high being offset to the northesst
from the- smaller by sbout 20 miles. Apparemtly this is & contimsstion
of the-‘-g_n;_»echelom relationship shown by the two gravity highs defined
in the survey by Baldwin and Hill (1960); and Baldwin (1960). -

An elongated gravity low is defined by the contours in the
northern part of the map over Camas Prairie. The axis ut.thia apemaly
extends from & point about 5 miles nc;’theast‘écfnﬂlcny, through
Fairfield, and on to & point asbout 18 miles farther esst, giving a
total length of nearly 30 miles. With the mssumed regional- gm.vity
subtracted, the amplitude of the anomaly is found to range hetﬁeen‘ :

about 13 milligals in the vicinity of Fairfield to sbout 17 milligals

in g kidpey-shaped gravity minimm 6 miles east-northeast of Fairfield. . .

Gradients range from two milligals per mile to five milligals per -
mile; the stemsf gradients are associated with the kidney-shmped .
minimm. Terrain corrections spplied in this 4a.rea will tend to-
increase the amplitude. of the negative anomaly because the added effects

will be largest in the -surrou.nd:l.ng mountains.



Regional trends and minor anomalies

A streng west-northwest trend of the gravity comtours is-evidemt -
over the-emtire western portion of the map.  This tremd is -essemtially
parallel to the three major anomalies, the general bwz;ixries' of’the
western-Smake River Plain, and most of themped faults in the-area
(Malde, 1959). East of longitude 114°45'W, the trend begins to swing
to the northesst in accord with the gemersl directiom of the boundaries
of the eamstern Sna.kewl’{iver P1aTm..  The regional gravity drops off fram -
the major gravity high into the Idaho batholith to the north at a- .
gradient of sbout 40 milligsls in 27 miles and to the south boward the
Owyhee Mountains at a gradient of 18 milligals in 15 miles. OFf
particular note is the suggestiaon of a:linearanmalya:t the: eagtern
edge of the map that trends northeast at a;ather'shmzpam@.etothe
axis of the major gravity high.

| Of the minor ancmslies, one of the most interesting 1s amn,

~

ellip¥ical gravity high on the southern side of the Thousand Springs,
southwest of Wemdell at 114°49'W and 42°%3'30"N. The grayity contours
show & closure of four milligals mnd an aresl extent of sbout 2 1/2
square miles. Subtraction of the regional gradient would probsbly
shift the center of the anomaly to the south sbout a mile and Incresse
its closure to sbout 8 milligals. The entire mrea i1s covered by a lava
flow and gives no hint as to .the source of the anomsly. The éha.pe of
this small high suggests that the anomalous body might be spproximated
by & vertical cylinder; this in turn suggests a lava neck or plug. The .
smallspurmithesouthemﬂankofthesecmdgravityhighwbetha

result of a similar feature. -
13



Toward the eastern edge of Camas Pra:!:_;'ie, between Fairfield end
Bellvue, there ix a commx-shaped gravity high thet fits srouwd the
northeastern end of the Cames Prairie low. It is sbout 10 miles long,
5 miles wide, and has an amplitule of & to 10 milligals, The total
relief between the high and the adjacent low is about 18 milligals
in a distance of 4 miles. This high seems to be associated with
the flows of the Smmke River basalt and other local volesnic features.

Most other minor anomalies show closures of two milligals or less .
and are associated with the Mount Bemnett Hills or the badlands south.
of the river. These ancmalies are probably caused by & combination.
of local density variations and terrain effects.



Preliminaxy interpretstion

To set bounds an the awount and probeble distribution of material -
‘ causing the major anomalies, a two-dimensional inmterpretation has been
made along profiles A-A' and B-B' (fig. 1). This interpretastion is
based tn the following sssumptions and controlling factars:

1) A two-dimensional anmlysis requires that the feature analyzed be
approximated by & body with infinite dimensions nomal o the
profile.- The three major gravity anomslies have been assumed
to fit this reguirement. k

2) A density contrast of 0.3 g per cus 1s used for the m;potheticﬂ.
bodies causing the anomalous highs. This is based on-an assumed
background density of 2.6T g per cud (the conventional assumed
density of crustal material) and an estimated density of 3.0
g per cud for the material farming the anomelous body (presumsbly
basalt). The density contrast for the gravity low is mssumed %o
be -0.4 g per cu , the average density difference between a]luwia;l

material and granite. B

3) The major gravity ‘highs occur over the Pliocens and :eieistocene
Ideho group of sedimentary rocks. These deposits form a
relatively low-density mass consisting essentially of poorly
cangolidated sandstones and silts. Test drilling and field
geology indicate that these deposits are at least 3,000 feet thick
in the vicinity of the highs (H. E. Malde and H. A. Powers, 1960,
vritten communication), This places the tops of the snomaly

causing bodies at lesst 3,000 feet below the surface. -
15



lf) The prowiment en echelon pattern of the elongated gravity highs.
suggests that the anomaly causing bodies mre structurelly
comtrolied, possibly by ex echelon faxlts or fissures.

5) A -smooth curve has been drawn through what appesrs to be s
regional gravity tremd (figs. 3 and 4). For this interpretatiens,
the assumed reglonal trend has been sttributed to deep crustal
~- probably isostatic -- effects and therefore subtracted in
the analysisg of the anomalies.

16



The interpretation was based on calculations made with a graticule
similar to that desigmed by D. G. Skeels as described in Pobrin (1952,
p. 98). The graticule was constructed so that esch trapezoidal
compartment covering the body comtributed 1.17 (A€ ) milligal beward
the total vertical component attraction at the point being considered;

AP is the demsity contrast in g per-cmS.
Profile A-A’

Profile A-A' is a line 70 miles long that trends N18°E; it forus
the perpendicular bisector to the axis of the anomalous high and
intersects the axis of the Camas Prairie low at an angle of 68°. The
south end of the profile is located approximately at latitude 42°36'N
and longitude 115°11'W. The assumed regional er gravity ig -
sbout -145 milligals in the vicinity of the high and drups off toward
the Camss Prairie low and the Sawtooth Mountmins at a gradient of 2
milligels per mile. 'The gravity high sits on the regional trend as °
& slightly skewed, bell-shaped curve ‘d.th & relative amplitude of 50
milligals. WgrgdientsareTI/ZandGmilligalspernileon
the north and south sides of the high, respectively. The maximm
point of the anomaly is located sbout 1 mile southwest of the Snake
River as measured along the proﬂle.,‘ The Camas Frairie low forms a
broad U-shaped curve with respect to the reglonzl trend. The amplitude
of the low in this cross section is sbout 5 milligals.

17



The gemeralized shape of the body causing the gravity high 1is
interpreted as being ® vertical slab sbout 4 1/2 miles wide, 30 miles
long, ami exterding from about 1,000 feet (0.3 kilometers) below sea
level to s depth of 66,000 feet (20 kilometers) below sex level (fig. 3).
The gravity low in the Camss Prairie vicinity is attributed to an
alluvium«filled trough about 5,000 (1.5 kilometers) deep.

Profile B~-B'

Profile B-B' trends N.34°E., ig 26 miles long, mnd bisects the
axis of the smaller high at right angles. Latitude 42°32°N and longitude
115°59'W locate the southern end of this profile. The feginmi
gradient is assumed to be linear between the simple Bouguer vxlues
of -160 and -120 milligals at the south and north ends of the profile,
respectively. The anomaly has an amplitude of 20 milligals shove the
regionnl gredient.

The similar character of the two gravity highs has led to similar
interpretstions for each. Thus this smaller apmomsly has also been
attributed to & body in the general shape of & vertical slab (fig. k).
In this interpretation the slsb is shout 3 miles wide, 3om§alang,
and extends from 8,000 feet (2.4 kilometers) to nearly 24,000 feet
(7.3 kxilometers) below sea level.

18



Conclusions

Vardous slternative interpretations are possible depending on
the initinl sssumptions.  For-example, isostatic correctioms along
profile A-A'-may show that the regionxl gravity 1s actually quite
different than has been assumed for this interpretatiom. It is
conceiveble that the reglonal curve in profile A-A' has less smplitude
or is evenm essentially flat. If this 1s the case, the smemslous body
will be ‘larger and probably considerably broader neaxr the surface than
is shown in figure 3.

Several geaclogical hypotheses have been offereé. in explanation
of the gravity highs. The most 1mportap.tof’chesea.re:

1) The Smake River Plain is & broad downwarp that has been

filled with extensive basalt flows.

2) The plain is & collapse structure bounded by faults with
large vertical displacements.. As subsidence progressed,
la\.va flows filled the depression resulting in thick
accumulations of basalt.

3) Crustalm.;;';asses have caused large en echelon fissures
under the Snake River Plain. These fissures have been
injected with basalt. |

In light of the interpretation presented in this paper, the authors
place most credence in the last of the sbove possibilities. Further
study may show, however, that the anomalies are actually due to some
combination of the second and third hypotheses.

19
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